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(English Translation of Japanese Patent Application Laid-open 
No. 1-282362) 

Method of spreading a carbon fibers bundle 
WHAT IS CLAIMED IS: 

1. Method of spreading a carbon fibers bundle wherein 
respective carbon fibers bundles aligned side by side are passed 
through two or more circular rods ultrasonically vibrating in 
their axial direction one after another, 

2. Method of spreading a carbon fibers bundle wherein 
respective carbon fibers bundles aligned side by side are passed 
through two or more circular rods ultrasonically vibrating in 
their axial direction one after another and a gaseous fluid is 
blown over to said bundles in passage, 

DETAILED DESCRIPTION OF THE INVENTION 
(TECHNICAL FIELD) 

The invention relates to a method of uniformly and thinly 
spreading a carbon fibers bundle. 
(PRIOR ART AND ISSUES TO BE SOLVED) 

In recent years, a carbon fibers reinforced complex 
material is popular because of its higher strength and elastic 
modulus than a material made from the sole component, resulting 
in the use of such complex material being expanded in various 
fields . 

Such pre-impregnation sheet as its respective carbon 
filaments bundles being uni-directionally aligned with each 
other and impregnated with such thermoset resin as epoxy .resin, 
• for instances, is widely adopted for. the material of such sports 
and leisure items as a fishing rod, a golf shaft and so forth. 
Its use is further expanded into such medical appliances as an 
^"^^y table and aerospace industry. 

In accordance with such expansion of its use in various 
fields, an extremely thin pre-impregnation sheet good at drape 
property or f ittable into a complicated curvature configuration 
is sought after. 

Whether such extremely thin pre-impregnation sheet is 
successfully produced or not depends upon a method. of uniformly 
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and thinly spreading a carbon fibers bundle, which improvement 
is anxiously hoped for. 

Conventionally, the following methods are known for 
spreading a carbon fibers bundle. 

Namely, (1) a method of spreading the same by rubbing it 
with a circular rod is disclosed in Japanese Patent Application 
Laid-open No. 60-9961, 

(2) A method of spreading the same with water flow is 
disclosed in Japanese Patent Application Laid-open 
No, 52-151362 , 

(3) A method of spreading the same with air flow is 
disclosed in Japanese Patent Application Laid-open 
No-57-77342. 

(4) A method of spreading the same by vibrating a roller 
in its axial direction is disclosed in Japanese Patent 
Application Laid-open No. 56-43435. 

The above method (1) requires that the tensile force 
applied to the bundle be large in order to widely spread the 
bundle comprising 3000 filaments into a sheet of 5 mm or more, 
to which bundle the tensile force in the order of 1 . 5kg is applied, 
which results in doing damage on the bundle and causing fluffs 
and fibrous cut on the surface. Once the fluffs are entangled 
around the circular rod, the carbon fibers bundle is vulnerable 
to further damage that prevents the bundle from being 
continuously spread. On the other hand, provided that the 
tensile force applied to the bundle is lowered in order to avoid 
such fibrous damage, a problem occurs in which the bundle is 
not spread enough to be formed into a sheet . 

The above method (2) is faced with a problem in which the 
bundle is not uniformly spread and. the spread filaments are 
bundled again by the action of surface tension after taken out 
of the water. Further, unfavorably, this method requires 
additional equipment or higher energy consumption for drying 
up the sheet in wet condition. 

The above method (3) requires a large volume of 
high-pressurized air in order to bring spreading operation in 
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which the bonding between the respective filaments is untied 
into effect, which raises fluffs on the fibrous surface, which 
fluffs causing short-circuits on the electrical devices 
concerned so that this method is problematic in the safety 
aspect of the operation. Further, the bundle is hard to be 
uniformly spread in the same way as the above (2) . 

As for the above method (4) with a low frequency ranging 
from 5 to lOHz and a length ranging from 1 to 10 ram by which 
the roller vibrates in its axial direction, such length is 
remarkably large in comparison with the diameter of the filament 
so that the tensile force applied thereto fluctuates to large 
extent. Thus, the carbon fibers are more vulnerable to damage 
than the above method (1) , Further, the carbon fibers bundle 
is liable to undulate, 
(MEANS TO SOLVE THE ISSUES) 

In view of the foregoing inconveniences encountered with 
the prior art, the present inventors solve the above issues by 
passing the carbon fibers bundle through and in contact with 
the rods ultrasonically vibrating in their axial direction 
along with subjecting the bundle in passage to a gaseous fluid 
flow. 

That is to say, the invention relates to (1) a method of 
spreading a carbon fibers bundle characterized in passing the 
respective bundles aligned side by side through and in contact 
with two or more rods ultrasonically vibrating in their axial 
direction one after another and to (2) a method of spreading 
a carbon fibers bundle characterized in passing the respective 
bundles aligned side by side through and in contact with two 
or more rods ultrasonically vibrating in their axial direction 
and blowing a gaseous fluid over to the respective bundles in 
passage* 

Hereafter, the invention is described with reference to 
Figure 1 . 

Figure 1 is a view to show one example of the invention, 
in which reference numerals 1, 2, 3 and 4 respectively indicates 
a carbon fibers bundle, a circular rod, an ultrasonic oscillator 
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and a comb . 

As shown, the respective bundles 1 unwound from the creel 
are aligned side by side by the coitib 4 and spread while passing 
through and in contact with two or more rods 2 ultrasonically 
vibrating in their axial direction one after another. 

The way by which vibration is ultrasonically given to the 
axial direction of the respective rods is not specified herein/ 
but may well be that conventionally known. For instance, 
preferably^ an ultrasonic oscillator 3 as shown in Figure 1 is 
put to use. 

Preferably, the respective rods ultrasonically vibrate in 
their axial direction only, and the vibration in the crosswise 
direction with regard to the axial direction is not applied. 
This is due to the fact that the application of the vibration 
crosswise with regard to the axial direction fluctuates the 
tensile force applied to the respective filaments comprising 
the respective bundles so as to cause damage on the fibrous 
surface . 

The ultrasonic vibration due to its higher frequency 
unties the bonding between the respective filaments instantly, 
whereby fine vibrations bring favorable spreading effect. 

The frequency in use herein is preferably more than 15 KHz, 
more preferably, in the order of 15 to 500 KHz, The length by 
which the respective rods vibrate in their axial direction 
ranges from 2 to 500)jm, more preferably, ranging from 5 to 50]am, 
Such length being lower than 2iam, the spreading effect is 
lowered while that being more than SOOjom, the tensile force 
applied to the respective filaments of the bundle fluctuates 
so as to cause the fibrous damage. 

The ultrasonic frequency and the length respectively being 
within the range as mentioned above, stably controlling the 
tensile force applied to the bundle becomes easier and there 
is no case where the bundle undulates. 

It is preferable to pass the respective carbon fibers 
bundles through and crosswise in contact with the respective 
rods vibrating in their axial direction, to which the invention 
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is not limited. The, contact area of the respective bundles with 
the respective rods is controlled by the contact angle of the 
respective bundles with regard to the respective rods before 
and after the former passing through the latter, which contact 
area is not specifically defined in this invention. Enlarging 
such contact area, spreading effect tends to become enhanced, 
which reduces the nuiober of the rods in use. Where a high elastic 
modulus carbon fibers bundle highly vulnerable to damage is 
spread, it is preferred to reduce the contact area with the 
respective rods while to increase the number of the rods in use 
so as to increase the number of contacts. 

It is required herein to use two or more circular rods 
uitrasonically vibrating in their axial direction so as to make 
the number of contacts two times or more. There exist a first 
part that does not vibrate and a second part that vibrates by 
the maximum length by a half -wavelength pitch in a circular rod 
uitrasonically vibrating in its axial direction. Thus, in the 
case where only one circular rod is put to use, the carbon fibers 
bundle is not uniformly spread. Further, even when the bundle 
is passed through and in contact with the second part, the bundle 
is not uniformly spread just with the sole contact with such 
second part, which makes it unavoidable to intensify the tensile 
force applied to the bundle, which results in vulnerably doing 
damage on the fibrous surface. 

It is found herein that making the number of contacts two 
times or more, preferably, three times to five times enables 
the bundle to be uniformly spread without the necessity of 
applying a larger tensile force to the bundle. In this case, 
it is preferable to dispose the respective rods with their 
vibration phase displaced with regard to the moving course of 
the bundle according to the number of the rods in use. 

The ultrasonic frequency with which the respective rods 
vibrate may vary, but more preferably, shall be the same. 
Further, the interval between the respective rods is not 
specifically defined herein, but may be decided by a person in 
the art in an arbitrary manner. 
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The carbon fibers bundle is by far more uniformly spread 
by blowing a gaseous fluid over the bundle in passage through 
and in contact with the rod ultrasonically vibrating in its 
axial direction. This enables the number of the rods in use to 
be reduced in comparison with the case where only the rods 
ultrasonically vibrating in their axial direction being used. 

The point where the gaseous fluid is blown over to the 
bundle in passage is not specifically defined herein, but may 
be either that where the bundle in passage makes in contact with 
the respective rods or an in-between of the respective rods or 
both of them. Blowing such gaseous fluid over to the bundle at 
those two points is more effective for spreading the bundle than 
only at one of those points. 

The gaseous fluid is not specifically defined herein, but 
the air flow is preferable. 

Neither a flow rate at which the fluid flows nor a pressure 
applied to the bundle in passage is specifically defined herein . 
As for such pressure, it normally ranges from 0.01 to 10 Kg/cm^, 
more preferably, ranging from 0.1 to 5 Kg/cm^. such pressure 
being smaller than 0.01 Kg/cm^, spreading effect becomes poor 
while that being larger than lOKg/cm^, the tensile force applied 
to the bundle becomes too excessive, resulting in doing damage 
on the fibrous surface. As for such flow rate, it preferably 
ranges from 0. Oil/minute to 501/minute per 1000 filaments, more 
preferably, ranging from 0.1 to 301/minute. Such flow rate being 
smaller than 0 . Oil/minute, spreading effect becomes poor while 
that being larger than 501/minute, a gap occurs between the 
.adjacent filaments of the respective spread bundles on account 
of the respective bundles being not uniformly spread. 

A gaseous fluid at a lower flow rate or a lower pressure 
applied to the bundle in passage will do on account of the bonding 
between the respective filaments of the bundle being untied by 
the action of the respective rods ultrasonically vibrating in 
their axial direction. 

The gaseous fluid is preferably blown over crosswise to 
the respective rods, but the direction in which such fluid is 
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blown over to the bundle maybe either parallelwise or crosswise 
with regard to the bundle, which direction is not specifically 
defined in the invention. Where the fluid is not blown over 
crosswise with regard to the respective rods, the bundle is 
displaced in an unstable manner. 
(EFFECT) 

According to the invention^ there is no case where fluffs, 
occur on the fibrous surface or they scatter around and the 
carbon fibers bundle is unifonaly and thinly spread with ease. 

(EMBODIMENT) 
EXAMPLE 1 

Fifty carbon fibers bundles respectively comprising 2000 
filaments marketed by Nihon SekiyuCo., Ltd. with a sizing agent 
removed are aligned parallelwise with an interval of 8 mm 
between them, which bundles are passed through and in contact 
with three rods respectively of 30 mm in diameter ultrasonically 
vibrating over the length of lOiam in their axial direction with 
a frequency of 20 KHz and lined in parallel with an interval 
of 2 0 mm and a phase displaced by one-tenth wavelength between 
them. 

Consequently, the respective bundles are uniformly spread 
without a gap between any adjacent filaments . 
EXAMPLE 2 

Twenty carbon fibers bundles respectively comprising 6000 
filaments marketed by Nihon Sekiyu Co. , Ltd. with a sizing agent 
removed are lined in parallel with an interval of 25 mm between 
them and passed through and in contact with five rods in the 
same way as the Example 1 in the meantime an air flow applying 
a pressure of 1 . 0 Kg/cm^ to the respective bundles at a flow 
rate of 5.01/minute is blown over crosswise with regard to the 
second, third and fourth rods through a bored pipe . Consequently, 
the respective bundles are uniformly spread without a gap 
between any adjacent filaments. 
4. BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 shows one embodiment of the invention- 
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